Some Aspects of Localization of Tumours for Radiotherapy
Dr B Eddleston (Christie Hospital, Withington, Manichester 20) Radiological Techniques The diagnosis of malignant disease by X-ray techniques automatically produces some degree of delineation of the extent of the lesion. There are, however, certain procedures which have more value than others in terms of localization of the malignant process and some of these are described below.
Stereoscopy James Blair Hartley (1964) , in his McKenzie Davidson Memorial Lecture, referred to the value of stereoscopy in relation to cancer delineation and stressed particularly its use in the occipitomental projection of the accessory nasal sinuses and the submentovertical view of the skull. He emphasized what McKenzie Davidson (1919) had said about the technique when dealing with its lack of popularity amongst workers.who regarded it as a difficult or complicated procedure. The converse, ofcourse, is true.
Stereoscopic radiography requires no more than precise positioning of the patient and the use of tube-shift to the extent of one-tenth of the focus-skin distance. The resulting films can be viewed quite simply as a pair on a Wheatstone viewer, of which the only disadvantage is the amount of space it requires.
Unfortunately, the technique still seems to find little favour as a diagnostic X-ray tool and yet there is hardly anyone with binocular vision who cannot train himself to view stereoscopic X-ray films. Patience and determination are required but the rewards are too great to allow the method to fall into disuse. Stereoscopy offers a quick, easy method of separating bone, soft tissue and air shadows in a number of body areas where plain film appearances are sometimes confusing or where it is felt desirable to increase the degree of suspicion before planning further investigations. It can often be invaluable in determining the the extent of soft tissue disease in regions where other investigatory methods are either time consuming or extremely difficult to perform, e.g. the spread of parotid tumours via the pterygoid fossa to the skull base, the breakout of postnasal space or antral tumours, or the demonstration of growths in the fossa of Rosenmuller.
In addition to the paranasal sinuses and the skull base, we now use the method for viewing the cervicodorsal junction and thoracic inlet in the anteroposterior direction, in the pelvis for looking at the sacrum when there is suspicion of direct or metastatic involvement by malignant disease, and always in lymphangiography. There are virtually no limiting factors to the use of the technique in these regions and, with the availability of rapid film processing, stereoscopy offers a valuable dimension in radiology whichwhilst requiring only a little more time than plain films -is often able to give a much more useful and immediate assessment of the disease process. Furthermore, this assessment frequently enables one to plan further investigation on a more rational basis.
Tomographiy
The expansion of diagnostic facilities over the years has produced complete familiarity with at least one type of movement used in this technique. If we are to continue to regard it as a specialized form of examination to be used with precision in selected situations, then we must recognize the necessity for accurate alignment of apparatus and a planned approach to each diagnostic or delineative problem. In simplest terms, of course, the amount of synchronous tube-film movement produces the requisite blurring and the angle of arc through which the tube moves is responsible for the thickness of the tomographic slice. The concept of the free zone is important to 1232 Proc. roy. Soc. Med. Volume 66 December1973 all tomographic procedures, i.e. the distance between the object one wishes to see clearly and the structures to be blurred out. If the free zone is wide, the necessary blurring need not be maximal, and therefore the tube movement can be small, but if the free zone is narrow, there is a need for maximal blur and long tube travel. As tube movement increases, however, the contrast falls and so the inherent contrast in the area under examination becomes of more importance as the free zone decreases. In other words, long tube movements, usually associated with wide angles and therefore thinner sections, are best applied to those body regions where there are wide variations in X-ray contrast. A number of different types of tube-film movement are now available and each method has its own particular usefulness.
(1) Linear: The standard approach, and the most versatile. Between 20 and 25 degrees of angle, and the corresponding amount of linear tube travel, is satisfactory for most types of work producing a cut of approximately 2 to 3 mm. Wide-angle linear tomography has been successfully applied by some workers to areas in the body where there has been felt to be a particular need for very thin sectional examination, e.g. the petrous bone. There are, however, few indications for producing very thin sections in this form of tomography and it tends to suffer from excess blurring residuals in some situations, e.g. the paranasal sinuses.
(2) Transverse axial: We have used a Zuda machine for the past 17 years, and in the initial stages of setting up this apparatus, we were much impressed with the extreme importance of accurate alignment and the synchronous operation of the film carrier with the patient's saddle in avoiding interference shadows, as well as the need for accurate collimation of the X-ray beam. The thickness of the section produced by this technique is approximately 0.5 mm. The method is in daily use in conjunction with plain films and AP linear tomography of the proximal bronchial tree as a method of assessing extent of known malignancy within the mediastinal area. It adds a completely different and important dimension to the viewing of this region with the lower trachea and main-stem bronchi seen in crosssection and in relation to other structures such as the aorta, superior vena cava, base of heart, and hilar complexes. We apply it to those cases which on clinical grounds, or as the result of preliminary X-ray investigation, are regarded as being potentially treatable by radical methods. This applies to well-circumscribed peripheral mass lesions as well as those which are seen to be lying within the hilar complex. We are looking for two major pieces of information: the extent of the primary tumour in terms of mediastinal invasion and the presence of mediastinal adenopathy. It is unfortunate that, all too often, what appears by other X-ray methods to be a reasonably well-localized lesion is in fact found to be well into the mediastinum across the front or back of the main-stem bronchus or is associated with a mass of subcarinal glands. It is sometimes also of value in determining early central cavitation in an upper lobe peripheral tumour which has escaped detection on linear tomography. There are undoubted limitations in the use of this technique: (a) Obese and ill patients cannot be accommodated in the necessary upright position on the saddle. (b) It is often impossible to separate the primary lesion from secondary node involvement where the primary is situated well within the hilar complex. (c) Gross interference occurs from pleural effusion, large areas of pneumonic consolidation, and segmental losses of pulmonary volume due to the tumour causing bronchial occlusion.
(3) Zonography: This technique owes much to Ziedses des Plantes (1932 a, b) and Westra (1966) for its practical development. The difficulty about producing thick sectional tomography by the linear method is that with narrow angles tube movement becomes insufficient to provide adequate tomographic blurring and, therefore, this movement must be translated into another form. The horizontal polytome offers this facility. Exposure times are in multiples of 3 seconds, and with a 3 degree circle it is possible to get a cut of approximately 3 cm. We have not been impressed with the method in areas like the spine, hips, lungs and sinuses, but it is of considerable value in the sternum. The radiography of this bone is not always easy and the results are frequently disappointing. The 3 degree solid-angle tomography with a circular tube movement enables us virtually to pick the bone out from its surroundings and display it as an isolated unit.
In regard to the sternum, we have found this technique useful in assessing the question of metastatic or direct involvement of the bone in breast cancer, looking at the effects of radiation necrosis, and more particularly in looking for infiltration in Hodgkin's disease with or without evidence of mediastinal node enlargement.
(4) Hypocycloidal: Again, the polytome is used. It employs a 48 degree solid angle with a longduration clover-leaf movement of the tube resulting in a very thin cut of approximately 0.3-0.5 mm and the resultant radiograph tends to have a low contrast. The technique should therefore be reserved for regions of good inherent contrast. We have almost selectively used this procedure for investigation of the paranasal sinuses in trying to determine extent of disease arising primarily in the antra or ethmoidal air cells. The main drawback of the technique is that it involves a high dose (from a diagnostic point of view) to the eye. We have estimated this to be in the region of 2 rads per exposure; this method should therefore not be applied at random in attempting to diagnose suspected air cell disease. In my view it should be used only for delineative examination and in this context it can offer much worth-while information. It can demonstrate spread of disease throughout the paranasal air cell system, through the nose, into the orbit, and especially into the upper alveolus and hard palate. It should be associated with stereoscopic views of the accessory nasal sinuses and the base of the skull for maximum definition of tumour extent.
Angiography and Isotope Studies in

Peripheral Bone Tumouirs
There is a problem of estimating the total extent of this type of lesion in order that it be included in radiotherapy fields. Serious limitations exist in the use of both plain film and tomographic radiography. It is accepted that some tumours, usually the more malignant ones, exhibit abnormal vascular patterns, but that angiography will not help to determine the nature of the tumour. It will, however, show the extent of disease in and particularly outside the bone, where the histological type is associated with a floridly abnormal vasculature. Frequently, however, the problem remains of how much the tumour has extended within the bone and for this reason we have, for some time now, been combining our angiographic studies with isotope investigation.
The whole procedure is simple to carry out, appears to be reasonably reliable, and is easy to relate to surface landmarks and proposed radiotherapy fields. The angiogram can be performed either by direct needle puncture of the major vessel or by Seldinger catheterization. We tend not to use a mechanical injector but we do use a rapid serial film changer.
Strontium 87m seems to have been a reasonably satisfactory isotope for our purposes though there has been some difficulty from activity within the gut, in lesions of the pelvis and hips, whilst waiting for the blood background to fall. There is no doubt that the combined approach has enabled us to delineate tumour spread, both within and without osseous margins, which was not detectable by other methods. The value to the radiotherapist in delineating the extent of the lesion within bone depends, of course, on whether his X-ray fields are selectively applied or whether the whole bone is treated. The particular value of the angiographic technique lies in demonstrating soft tissue disease crossing joint margins.
Lymphangiography
Lymphangiography has been in regular use for ten years for the assessment of infiltration of abdominopelvic glands by malignant disease. This has been largely confined to testicular tumours, carcinoma ofthe cervix, and the lymphoreticular group of disorders in the reverse order of frequency; some, though not many, cases of bladder carcinoma have been investigated by this method.
The technique, which is widely known, involves the catheterization of lymphatics in the dorsum of the feet. The usual checks care carried out during the early stages of filling to make sure that a vein has not been entered by mistake and 6-9 ml of Lipiodol Ultra-Fluid are given each side. We have experienced no problems from hypersensitivity reactions and have found no serious effects on pulmonary function, even in patients with chronic bronchitis and emphysema. Similarly, we have not run into any difficulties due to the fact that the patient is receiving mediastinal X-ray treatment at the time of lymphangiography. Filming of the abdominopelvic area during the filling stage, and in the second day adenogram series, is carried out stereoscopically. Considerable benefit has been experienced from being able to view the appearances in this manner, particularly in separating nodes which are superimposed on plain films. It is possible to look at the pattern of contrast-filled glands more clearly and sometimes to detect a soft tissue mass where there are gaps in the gland chains, or where distorted collaterals and lymphaticovenous connexions are present.
The clearly positive lymphangiogram, whether in carcinoma or in lymphoreticular disease is not difficult to appreciate. Gaps where there should be filled nodes, crescentic ghost outlining of enlarged node masses, big foamy glands, and disordered lymphatic pathways with outlining of multiple collateral channels can be diagnosed at any distance, but many less obvious appearances may cause considerable trouble.
Some interpretative difficulties may be resolved by follow-up examination of the abdomen and pelvis after some weeks' interval, as McDonald (1968) and others have described. The contrast medium, however, does not disappear from the lymph glands quite so slowly as might be thought and there is, therefore, need for care in interpreting a reticular pattern or a suspicious filling defect in the absence ofenlargement of the node(s).
Where management is often spread over a long period, as in some lymphoreticular disease, the failure to produce an immediate and accurate diagnosis may not be too serious. In other abdominopelvic gland infiltrations, however, the problem may be more pressing. Success of the technique is greatly influenced by previous disease leading to either obliteration or filling defects within the nodes; even large defects are sometimes almost impossible to assess accurately at the initial examination. McDonald (1969) stressed that lymphangiography is no substitute for histology, but adequate biopsy confirmation or denial of suspected findings is not always readily forthcoming. Furthermore, a gland reacting to the presence of Lipiodol within it must surely pose some problems to the histologist in the doubtful case.
Nevertheless, lymphangiography is undoubtedly of great potential value in most cases of lymphoreticular disease and in some cases of carcinoma in particular sites. The interpretative difficulties should be well recognized and an attitude of watchful expectancy should be adopted in all doubtful appearances. Confirmatory microscopy of suspicious findings is clearly desirable as a means of increasing one's diagnostic accuracy rate.
Mr Bryan Stubbs (Regional Medical Physics Uniit, Cookridge Hospital, Leeds, LS16 6QB) The Management of Tumour Localization for Radiotherapy [Summary] Tumour localization in radiotherapy is considered as the whole process from the actual localization through treatment planning and field checking to the treatment itself. Typical schemes were discussed for head and neck and pelvic tumours and likely sources of error indicated. The importance of maintaining accuracy into the treatment stage is stressed as so often the initial localization and planning receive far more attention than the treatment set-up itself. Reliable information concerning the accuracy of the set-up is difficult to obtain, although Van de Geign (1972) has attempted to record consistency of set-up using a television camera system. His results as yet are not encouraging due to instability in the television imaging system.
Computer control in the treatment process was discussed and felt to be useful for checking some treatment parameters. However, completely automated treatment set-up systems would need to prove themselves in a very positive way to warrant their introduction as their associated disadvantages are considerable. The greatest of these is that the therapy radiographer would hand over a large part of her responsibility to a noni-thinking computer system. Radioisotope organ scanning is being used on an increasing scale as a diagnostic procedure. Probably a majority of such investigations are used to delineate primary or secondary neoplasms. This field of investigation is becoming more specific and accurate with changes of techniques, and I propose to review four areas where there have been recent advances which seem to me of significance to radiotherapists.
REFERENCE
The first area is in radioisotope bone scanning. The traditional assessment of the skeleton for possible metastatic tumour involvement is by a radiological skeletal survey. This, however, is known to be relatively insensitive since a considerable amount of bone destruction may occur before it is radiologically visible. It has been shown that radioisotope bone scanning will indicate areas of new bone formation in the region of metastatic deposits before they are visible on X-rays (Charkes et al. 1964 , Galasko et al. 1968 ). The use of such a diagnostic survey will obviously result in a different staging of tumours. Nevertheless, bone scanning is not widely practised in this country. This is in part due to lack of suitable detecting instruments but also due to lack of a suitable, readily available isotope which will allow examination of the whole skeleton. Fluorine-18 answers this purpose, but is at the moment only available near a cyclotron.
Subramanian & McAfee (1971) described a new bone scanning agent, a complex of tripolyphos-
